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We are now developing a smart water meter dedicated to smart water grid systems. The 
primary goal of our research is to make it with higher precision compared with typical water 
meters. In addition, we have developed an improved test method and its related equipment for 





According to the type approval criteria for water meters based on the official announcement of 
the No. 2010-247 [2] by the Korean Agency for Technology and Standards (KATS), the test 
methods and means such as performance tests, durability tests, and static pressure tests, to be 
employed in determining the principal characteristics of water meters are fully specified. The 
part of KATS 2010-247 also applies to water meters based on electrical and electronic 
principles and to water meters based on mechanical principles incorporating electrical devices. 
In specific, for the electronic devices which are embedded into electronic water meters, it also 
specifies the following test methods and means to be performed additionally; high temperature 
test, low temperature test, moist heat test, voltage variation test, instantaneous voltage drop test, 
vibration test, burst test, electrostatic discharge test, electromagnetic resistance test, DC power 
supply test, and static electromagnetic field test. 
 
In general, water flow rate is divided into four levels; over-load flow rate (Q4), maximum flow 
rate (Q3), transitional flow rate (Q2) and minimum flow rate (Q1). In addition, three distinct 
ratios are defined: the ratio of the maximum flow rate (Q3) to the minimum flow rate (Q1), the 
ratio of the transitional flow rate (Q2) to the minimum flow rate (Q1), and the rate of the over-
load flow rate (Q4) to the maximum flow rate (Q3).  
 
The maximum allowable errors are classified according to precision levels; the first-level 
precision whose flow rate is equal to or more than 100 m3/h and the second-level precision 
whose flow rate is less than 100 m3/h. Table 1 and Table 2 shows the maximum allowable 
errors for the first-level precision water meter and for the second-level precision water meter, 
respectively, with respect to flow rate. The pattern approval test is to ensure that the maximum 
allowable error for the meter does not exceed the specified range at any flow rate.  
Table 1. Maximum allowable errors for first-level precision water meter  
flow rate Water temperature range maximum allowable error 
upper zone 
(Q2≤Q≤Q4) 
0.3 ~ 30 ℃ ± 1.0 % 
more than 30 ℃ ± 3.0 % 
lower zone 
(Q1≤Q<Q2) 
- ± 3.0 % 
 
Table 2. Maximum allowable errors for second-level precision water meter  
flow rate Water temperature range maximum allowable error 
upper zone 
(Q2≤Q≤Q4) 
0.3 ~ 30 ℃ ± 2.0 % 
more than 30 ℃ ± 3.0 % 
lower zone 
(Q1≤Q<Q2) 
- ± 5.0 % 
 
Table 3. Flow rates with respect to the types of water meter  
type magnification 
Flow rate(min.) Flow rate (max.) 
Q1[L/h] Q3[m³/h] 
DN15 100 16 1.6 
DN20 100 25 2.5 
DN25 100 40 4.0 
DN32 100 63 6.3 
DN40 100 100 10.0 
DN50 100 160 16.0 
 
The KATS 2010-247 specifies the flow rate with respect to DN (diameter nominal as known as 
nominal pipe size) as shown in Table 3. The maximum allowable error for the meter does not 
exceed both the minimum flow rate and the maximum flow rate.  
 
We are now developing a smart water meter dedicated to smart water grid systems. The primary 
goal of our research is to make the smart water meters with higher precision compared with 
typical water meters. For instance, the range of the maximum allowable errors for the flow rate 
in the lower zone of the second level precision water meter is set to ±5% by the Korea Standard. 
However, the range of a water meter under developed will be decreased to ± 3% at the same 
condition. Therefore it is necessary to build a high precision test method and the related 
equipment for measuring the performance of the water meters under developed. Both the 
international standards, ISO-4063-3[1] and OIML-R049-2[3] specifications, define the 
performance tests that are intended to verify that water meters with electronic devices perform 
and functions as intended in a specified environment and under specified conditions. However, 
most of the test equipment in Korea does not satisfy completely both of the international 
standards. In addition, they opt to adopt the volumetric measurement method instead of mass 
measurement method which typically induces a better result for the uncertainty in measurement. 
In this paper, we present a test method in the mass measurement system. Reference water flow 
will be measured as a mass by using the load cell. We expect that our proposed test method and 
equipment fully satisfies the Korea standard as well as both of the international standards 
 
 
 THE TYPICAL PERFORMANCE TESTS FOR ELECTRONIC WATER METERS 
 
The part of KATS 2010-247 defines the performance tests that are intended to verify that water 
meters with electronic devices perform and function as intended in a specified environment and 
under specified conditions as shown in Table 4. For each performance test, typical test 
conditions are indicated; they correspond to the climatic and mechanical conditions to which 
water meters are exposed. Water meters with electronic devices are divided into three classes 
according to these environmental conditions: 
Class B: for fixed meters installed in a building; 
Class C: for fixed meters installed outdoors; 
Class I: for mobile meters. 
 
Table 4. Performance test of electric equipment for water meter 




B C I 
1 high temperature operation ○ ○ ○ 
2 low temperature operation ○ ○ ○ 
3 moist heat operation ○ ○ ○ 




disturbance ○ ○ ○ 
6 vibration disturbance - - ○ 








disturbance ○ ○ ○ 
10 DC power supply device ○ ○ ○ 
 
Table 5. Operating Condition  
quantity operating condition 
water flow rate range min. water flow (Q1) to max. water flow(Q3) 
ambient temperature range 5 ℃ to 55 ℃ 
humidity range 0 % to 100 %  
water temperature range 0.3 ℃ to 30 ℃ 
pressure range 0.003 MPa to 1 MPa(max.) 
 
Table 6. Reference conditions  
 quantity reference condition 
water flow rate 0.7(Q2+Q3)± 0.03(Q2+Q3) 
working temperature (20± 5) ℃ 
ambient temperature (20± 5) ℃ 
ambient relative humidity (60± 51) % 
ambient atmospheric pressure 86 kPa~106 kPa 
power supply voltage nominal voltage 
carrier frequency nominal frequency 
 
The part of KATS 2010-247 specifies the operating conditions and the reference conditions in 
Table 5 and Table 6, respectively, for the pattern approval test of the water meters with 
electronic devices. Such conditions consider the influence of the water temperature. Dry heat, 
cold and dump heat tests are concerned with measuring the effects of ambient air temperature 
on the performance of the meter. However, the presence of the measurement transducer, filled 
with water, may also influence heat dissipation in electronic components. If the meter has a 
value of Q1, the meter should have water passing through it at the reference flow rate and the 
error of indication of the meter shall be measured with electronic parts and the measurement 
transducer subjected to the reference conditions. 
 
 
 A PERFORMANCE TEST OF WATER METERS USING MASS-TYPE FLOW 
RATE MEASUREMENT 
 
For the performance test of the water meters with electronic devices many institutions or 
manufacturing companies typically do tests using the equipment as shown in Fig.1 according to 
the criteria in Table 1 and Table 2. They built the test environments by connecting two or more 
water meters serially and then passing the water at the reference flow rate. They implement the 
so-called “collection” method which the quantity of water passed through the water meter is 
collected in one or more collecting vessels and the quantity determined volumetrically or by 
weighing. In the case of the weighing method, the collected weight of the water is converted 
into the corresponding volume and then compared with the indication of the water meter. 
 
It is known that for a mass-type flow rate measurement device the uncertainty measurement in 
the mass flow rate and the uncertainty measurement in the volume flow rate is 0.052 % and 
0.072 %, respectively, within the confidence interval of 95%. Such error range gives a 10 times 
more precise result. Therefore, in this paper we present a mass-type flow rate measurement for 
performance test of water meter as shown in Fig.2. The proposed method can achieve the 
expected performance of the maximum allowable errors of ±1.0% which is necessary for 
implementation of smart water meter. 
 
      
FIg.1 The existing equipment of performance test for water meters  
 
 






The existing test equipment for water meters does not satisfy completely both the ISO-4063-3 
and OIML-R049-2 specifications. In addition, they opt to adopt the volumetric measurement 
method instead of mass measurement method which typically induces a better result for the 
uncertainty in measurement. So they have a limit as to increase the degree in the uncertainty in 
measurement. Because the existing equipment have focused on the tests for founding the errors 
in mechanical water meter, it is not adequate to apply them to evaluate the performance tests for 
new types of water meters, such as the electronic water meter and the smart water meter to be 
used in the smart water grid. They also have difficulties to use them to analyze the performance 
characteristics for the overall fluid status (Q1, Q2, Q3 and Q4).  
 
We proposed an efficient test method and its related equipment with mass measurement method 
instead of volumetric measurement method to obtain a high degree of the uncertainty in 
measurement, while satisfying ISO-4063-3 and OIML-4063-3 specifications. We hopefully 
expect that our proposed test method and equipment will be used as an industrial standard for 
performance test of smart water meter and its related products. 
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